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Project Motivation and Objectives

ÅLane changes ςespecially discretionary ones-- near interchange  
influence areas (IIAs) contribute to turbulence and have negative 
mobility and safety effects

ÅLane changes cannot be detected using current infrastructure detection 
ǎȅǎǘŜƳǎΣ Ǉƻǎǎƛōƭȅ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǿƛǘƘ ǘƘŜ ŀŘǾŜƴǘ ƻŦ !±Ωǎ 

ÅTo develop a tool to predict the expected intensity of lane changes at 
interchange influence areas (IIAs)

ÅTo enable the identification of  variables and control strategies at the 
IIAs that might induce fewer discretionary lane changes and thus, 
reduce unnecessary traffic turbulence
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Outcomes: Model and Tool Development
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Research Methodology

ÅBased on empirical observations of lane changes at IIAs

ÅProject Tasks
ÅData collection

ÅData extraction process

ÅDatabase summary

ÅModel development

ÅTool architecture

ÅTool development and dissemination
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Data Collection  
ÅCollection Method
ÅDrone videos (untethered, 300-400 ft. 

above ground)
ÅGoogle maps
ÅAutomated extraction and manual 

verification

ÅObservations 
ÅTaken in 5 min intervals, expanded to 

hourly rates

ÅFreeway Segments and definitions
ÅType (basic, merge, diverge, weave)
ÅLength (ft)
ÅNumber of lanes
ÅLane configuration
ÅDistance to nearby on-ramp   °
ÅDistance to nearby off- ramp  °
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Data Collection (continued)
ÅTraffic characteristics 

ÅVehicle counts (at mid-segment) 

ÅOrigin-destination volumes (e.g., freeway-to-ramp and ramp-to-freeway 
volumes)

ÅHeavy vehicle percentage

ÅOverall space mean speed (SMS)

ÅLane change counts within the segment, including minimum number of 
lane changes per hour
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Data Collection Sites: ~ 20 hrs. overall 

Serial Site Duration (min) HCM6 Segment type

1 I-440 EB at Western Blvd (Pilot) 895 Upstream of Merge

2 I-40 WB at Wade (facing east) 50 Downstream of Merge

3 I-40 WB at Wade (facing west) 55 Downstream of Merge

4 I-440 EB at Hillsborough St Exit 90 Upstream of Diverge

5 I-40 EB at S. Saunders St and Hammond Rd 85 Weave

6 I-40 WB at S. Saunders St and Hammond Rd 85 Weave

7 I-440 EB at Poole Rd and US-64 35 Weave

8 I-440 WB at Poole Rd and US-64 30 Weave

9 Wade Ave. WB at Blue Ridge & I-440 125 Weave

10 I-440 EB at Ridge Rd 475 Weave

11 US-101 in Los Angeles, CA (NGSIM) 40 Weave

12 I-40 EB at I-440 (MM 293) 35 Basic

13 I-40 WB at I-440 (MM 293) 35 Basic

14 I-40 EB at I-440 (MM 309) 40 Basic
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Video Data Extraction
ÅAutomated tool (DataFromSky)

ÅFast

ÅStabilizes drone videos

ÅTracks vehicles

ÅAccuracy test for lane change count showed satisfactory results for 
passenger cars

ÅManual counting

ÅVery labor intensive

ÅLimited to heavy vehicle lane change count

ÅAlso used for accuracy testing of the automated tool
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Example of a processed video
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Extracting Lane Changes
ÅMethod 

1. ²ƻǊƪǎ ǿƛǘƘ ά5C{-tǊƻŎŜǎǎŜŘ ±ƛŘŜƻǎέ

2. Create gates alongand acrossthe 
lane markings using the offline DFS 
software

3. Extract gate crossing events and 
their timestamps

4. Track origin-destination lane for 
each lane change

ÅThis method works  very well for 
passenger cars (error < 5%)

ÅLane changes by heavy vehicles are 
manually extracted
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Create the Analysis Database
ÅDatabase summary
ÅNumber of directional sites: 15
ÅNumber of  data points: 247, aggregated in 5-minute observations
ÅRange of 5-minute observations across sites: 6 to 95
ÅFor modeling purpose, all observations expressed in an hourly rate
ÅResponse of interest: Total segment lane changes per hour 

ÅTotal lane changes are expressed in two components
ÅMandatory (minimum number of) lane changes
ÅObserved range over all sites: 0% to 89% of all lane changes

ÅDiscretionary lane changes
ÅObserved range over all sites: 11% to 100% of all lane changes

12

Objectives Outcomes Methods Results Tool Case Study Q&A



Database Summary
Variable type Variable name Mean Median St. deviation Minimum Maximum

Geometric

Segment length (ft) 625 - - 213 1,610

Number of lanes 4 - - 3 6

Min. lane change required (freeway-to-ramp) 1 - - 0 2

Min. lane change required(ramp-to-freeway) 1 - - 0 2

Signed distance to nearby on-ramp (±ft) -126 - - -2,720 3,132

Signed distance to nearby off-ramp (±ft) 649 - - -2,960 6,369

Traffic

Passenger car flow rate (pc/hr) 4,965 5,200 1,598.9 1,416 8,376

Heavy vehicle flow rate (v/hr) 263 192 240.5 0 1,560

Total flow rate per lane (v/hr/ln)* 1,248 1,284 276.8 336 1,731

VMTper hr* 562 451 334.8 193 1,808

Avg. speed (mi/hr) 50 52 17.8 6 81

Avg. density (v/mi/ln)* 33 27 27.2 10 206

Minimum lane changes per hr. * 878 1,110 572.0 0 1,896

Total lane changes per hr. 1,373 1,392 828.4 108 4,128
13

Objectives Outcomes Methods Results Tool Case Study Q&A



Modeling Approach for Lane Change Prediction
ÅTested various types of statistical models

ÅRecommended Regression tree approach

ÅObservations are split into multiple homogeneous sets 
based on most significant splitters in the input variables

ÅValidation

ÅSelf-validated as the tree is developed by a 10-fold cross 
validation technique

ÅSite-specific validation
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Modeling Results
Regression tree with mandatory lane changes as an input
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